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The glioblastoma multiforme (GBM) is the most common malignant brain tumor in adults. Despite combination treatments
of radiation and chemotherapy, the survival periods are very short. Therefore, this study was conducted to assess the potential of
ginsenoside F, (F2) to treat GBM. In in vitro experiments with glioblastoma cells U373MG, F2 showed the cytotoxic effect with
ICs,0f 50 pg/mL through apoptosis, confirmed by DNA condensation and fragmentation. The cell population of cell cycle sub-G1
as indicative of apoptosis was also increased. In xenograft model in SD rats, F2 at dosage of 35 mg/kg weight was intravenously
injected every two days. This reduced the tumor growth in magnetic resonance imaging images. The immunohistochemistry
revealed that the anticancer activity might be mediated through inhibition of proliferation judged by Ki67 and apoptosis induced by
activation of caspase-3 and -8. And the lowered expression of CD31 showed the reduction in blood vessel densities. The expression
of matrix metalloproteinase-9 for invasion of cancer was also inhibited. The cell populations with cancer stem cell markers of
CD133 and nestin were reduced. The results of this study suggested that F2 could be a new potential chemotherapeutic drug for
GBM treatment by inhibiting the growth and invasion of cancer.
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INTRODUCTION

Glioblastoma multiforme (GBM) is the most common and chemotherapy with temozolomide (TMZ). Despite
primary malignant brain tumor in adults and is a challeng- combination therapy of radiation and chemotherapy
ing disease to be treated. The GBM is most aggressive against GBM, its effect is still pessimistic due to its sev-
and tumor with grades IV according to the classification eral characteristics of GBM. The first characteristic of
of World Health Organization based on cellular origin GBM is difficult to control cell cycle with rapid growth of
and histologic appearance. The survival periods of pa- cell proliferation. The second is that GBM cells have en-
tients with GBM are only 12 mo to 15 mo after diagno- dogenous resistance to apoptosis, which made recurrence
sis, despite numerous advances of current conventional after chemotherapy and radiation therapy [3]. The third is
therapies [1]. The hallmark features of GBM are rapid that GBM diffuses through white matter tract and blood
proliferation, necrosis in central lesion and angiogenesis vessel basement, and invades brain tissue by the secretion
[2]. The current standard of care includes maximal safe of protease, which makes it difficult to be operated. The
surgical resection, followed by a combination of radiation last is that the recurrence of GBM is quite common in a
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year, and the surviving period is not over 2 yr. With the
unsolved problems of GBM, more effective treatments
are yet to be investigated. The strategies are being investi-
gated to raise the sensitivity of resistant GBM tumor cells
to TMZ and radiation [4].

Panax ginseng Meyer has been used as a general tonic
or adaptogen for cancer patients in traditional medicine
prescriptions from China, Japan, and Korea. The active
compounds in ginseng are the ginsenosides, of which
more than four dozens exist both in P. ginseng and other
Panax species. There are numbers of investigations
focusing on antitumor properties and other pharmaco-
logical activities related to cancer treatments. Among
ginsenosides, the minor ginsenosides (F,, F,, Rg;, Rh,,
Rh,, compound Y, compound Mc, and compound K) are
produced by hydrolyzing the sugar moieties of the major
ginsenosides [5] and have been known to represent the
pharmacological activities of P. ginseng. Rh, [6,7] and
compound K [8] were reported to have the effect to sup-
press expression of matrix metalloproteinase (MMP)-9
in human astroglioma cells, resulting in inhibiting tumor
cell invasion and metastasis which might be therapeutic
potential for controlling the growth and invasiveness of
GBM. Ginsenoside F, (F2) is also a member of metabo-
lites produced by hydrolysis of moiety of glucose in pro-
topanaxadiol (PPD). And F2 is further metabolized into
Rh, or compound K. These two metabolites are different
only in the position of carbon with glycosidic linkage in
PPD aglycone. Rh, and compound K have one at C-3
and C-20, respectively.

Therefore, this study was conducted to assess a poten-
tial of F2 as a new chemotherapeutic drug on GBM treat-
ment in xenograft in vivo model.

MATERIALS AND METHODS

Preparation of ginsenoside F,

The PPD of ginsenosides was transformed to F2 by
the incubation with Aspergillus niger. A. niger was cul-
tured in tryptic soy broth supplemented with PPD for 7
d at 37°C with agitation. The profile of transformation
was examined with TLC once a day. After completion of
expected performance, the medium was extracted with
butanol. Supernatant was fractionated and concentrated
with vacuum rotary evaporator. F2 was further purified
by using silica gel column chromatography with CHCl;-
MeOH-H,0 (65:35:10, v/v). Isolated F2 above purity of
96% was characterized by mass spectroscopy and 'H-
and "C-NMR spectrometry. F2 was freshly dissolved in
dimethyl sulfoxide (DMSO), of which the final concen-
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tration did not exceed 0.2% when added to cell culture.

Cell culture

U373MG glioblastoma cells (ATCC, Manassas, VA,
USA) were grown in Dulbecco’s modified Eagle’s me-
dium (DMEM; PAA Laboatories, Linz, Austria) contain-
ing 10% heat-inactivated fetal bovine serum (FBS) and
penicillin-streptomycin from Gibco Life Technologies
(Gaithersburg, MD, USA). Cells were maintained in hu-
midified atmosphere containing 5% CO, at 37°C.

Cytotoxicity

U373MG cells (5x10° cells/well) were plated in 96-
well plates in 100 pL of the medium containing 10%
heat-inactivated FBS. After 24 h, medium was replaced
by the same volume of medium containing 2% heat-
mnactivated FBS, and F2 or DMSO. Cells were incubated
for 24 h and cytotoxicity was compared as cell viability
with colorimetric assays using EZ-Cytox Cell viabil-
ity assay kit using 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT; Daeil Lab Service
Co., Seoul, Korea). All experiments were conducted in
quadruplicate. Viability was determined by absorbance
at 570 nm using a multiwell scanning spectrophotometer
(VersaMax; Molecular Devices, Sunnyvale, CA, USA).
Cell viability was expressed as the mean+tstandard devia-
tion in percentage of the control viability.

DNA fragmentation assays

Cells were treated without or with F2 for 24 h, of
which DNA was prepared as following. The cell pellet
was suspended in working solution (EDTA 10 mM, 0.5%
SDS, 50 mM Tris-HCI, proteinase K 0.5 pg/mL), kept
at 50°C for 1 h, and incubated at 70°C for 10 min. The
supernatant was incubated with RNase A (10 pg/mL) at
37°C for 60 min, and then separated with 1.8% agarose
gel electrophoresis.

Nuclear morphology

Two mL of U373MG was placed in 6-well plates at
10° cells/mL and treated with drugs 5 h after plating.
After 24 h, 10 mM of Hoechst 33342 (Molecular Probes,
Eugene, OR, USA), a DNA-specific fluorescent dye, was
added to the solution in each well, and the plates were
incubated for 10 min at 37°C. The stained cells were then
observed under a fluorescence microscope (Olympus,
London, UK).

Flow cytometric analysis
For the cell-cycle distribution analysis, 2 mL of cells
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(1x10° cells/mL) were plated in 6-well plates and treated
with F2 at a range from 10 to 60 uM for 24 h. After treat-
ment, the cells were collected, fixed in 70% ethanol, and
then washed in phosphate buffered saline (PBS) contain-
ing 2 mM EDTA. These fixed cells were resuspended
in 1 mL PBS containing 1 mg/mL RNase and 50 mg/
mL propidium iodide (Sigma Aldrich, St. Louis, MO,
USA), incubated in the dark for 30 min at 37°C, and then
analyzed via FACScaliber flow cytometry (Becton Dick-
inson, San Jose, CA, USA). Data from 10,000 cells were
collected for each data file. All histograms were analyzed
using Cell Quest (Becton Dickson) to determine the per-
centage of nuclei with hypodiploid content indicative of
apoptosis.

Xenograft model

After anesthesia, rats received stereotaxic inoculation
of U373MG human glioblastoma cells (1x10° cells in 3
uL of PBS) into the right forebrain at the following co-
ordinates: 3.1 mm lateral and 0.4 mm anterior to breg-
ma at a 4.0 mm depth from the skull surface. Since 7 d
after the implantation, F2 (35 mg/kg) and 5-fluorouracil
(FU) (15 mg/kg) intravenously injected every two days
for 14 d. Lipision (Choongwae Pharma Coporation,
Seoul, Korea), purified soybean oil, was used as car-
rier and negative control. Tumor size was determined
by magnetic resonance imaging (MRI) scans (T1-
weighted image; Magnum 3.0 T, Medinus Co., Yongin,
Korea) 8, 15 and 22 d after transplantation of U373MG
cells. Rat (n=6/group) from all experimental groups
were anesthetized with 1% isoflurane in an oxygen/
air mixture. Tumor sizes were demonstrated as a pixel
number by Image J. Two days after the last injection,
glioblastoma-bearing rats were sacrificed, and rat brains
were collected, fixed in 4% paraformaldehyde for 24 h,
and immersed in 30% sucrose solution for cryoprotec-
tion. After 3 d, rat brains were embedded in optimal
cutting temperature (OCT) compound (Miles, Elkhart,
IN, USA). This study has been reviewed and approved
by the Kyung Hee University, Institutional Animal Care
and Use Committee.

Immunohistochemistry

For immunohistochemistry, the brain embedded in
OCT was cut into 10-um coronal sections using a cryo-
stat. The sections were attached to slide glass and incu-
bated overnight at 4°C with primary antibodies against
MMP-9 (Santa Cruz Biotechnology, Santa Cruz, CA,
USA), Ki67 nuclear antigen (Dako,Glostrup, Denmark),
cleaved caspase-3 and -8 (Cell Signaling Technology,
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Beverly, MA, USA), CD31 (Dako), CD133 (Abcam,
Cambridge, UK), and nestin (Millipore, Bedford, MA,
USA). Dako REAL EnVision Detection System (Dako)
was used to detect according to manufacturer’s instruc-
tion. The sections were counterstained with hematoxylin.
Tumor cells with red staining were considered positive.
The percentage of positive cells was measured in the
form of an area percent inside a standard measuring
frame per 10 fields using x 50 magnifications with image
analysis software (Leica Application Suite, Leica, Swit-
zerland).

Statistics

Statistical comparisons of groups were performed us-
ing ANOVA followed by turkey’s test as post hoc. A p-
value of <0.05 was considered statistically significant.

RESULTS

Cytotoxicity on human glioblastoma cell line
U373MG

At first, we confirmed cytotoxic effect of F2 against
human glioblastoma cell line U373MG. Survival of
U373MG was significantly decreased after 24 h exposure
to F2 in a concentration-dependent manner with ICs, of
50 pg/mL (Fig. 1A).

Induction of apoptosis by ginsenoside F,

To elucidate whether the F2-induced decrease in vi-
ability was attributable to apoptosis, we performed
Hoechst 33342 nuclear staining to observe condensation
of DNA as indicative of apoptosis. It was shown in the
microscopic observation that the treatment at concentra-
tions of 80 pg/mL of F2 caused the condensation of DNA
nuclei compared to control (Fig. 1B). And apoptotic cell
death is represented by DNA fragmentation, which could
be observed in agarose gel electrophoresis 24 h after
treatment of F2 (Fig. 1C). The DNA fragmentation was
clear at the concentration of 60 ng/mL of F2, indicating
the apoptosis of cells. Apoptosis increases the population
of sub-G1 in cell cycle. Therefore, sub-G1 population
after F2 treatment was quantified to use it as apoptosis
index. Treatment with F2 resulted in a concentration-
dependent increase in the sub-G1 cell population (Table
1). This treatment increased the percentage of cells in
the sub-G1 phase from 0.99% (0 pg/mL) to 10.58% (60
ug/mL) after 24 h treatment of F2. Taken together, F2
induced cell death by apoptosis in glioblastoma cells
U373MG.
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Fig. 1. Cytotoxicity of ginsenoside F, (F2) against human glioblastoma cell line U373MG. (A) Cytotoxic effects were quantified by cell viability
with 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide. The values are expressed as the meanststandard deviation (n=3). **, p<0.01,
significantly different compared with control (no treatment by ginsenoside F2) by student’s test. (B) Cells were treated with the F2 for 24 h fol-
lowed by staining with Hoechst 33342. The cell showing DNA condensation was shown. (C) DNA from cells treated by F2 was separated by 1.8%
agarose gel electrophoresis of DNA. This was done at least twice using independently prepared DNA.

Table 1. The percentage of U373MG cells in the cell cycles 24 h after treatment of ginsenoside F,

F2 (ug/mL) Sub-Gl Gl S G2M
Control 0.99-£0.45° 54.8247.89" 19.79+3 45° 24.51+4.78°
10 1.740.65" 54.8246.29° 19.2042.45° 24.44+3 56"

20 1.5240.75° 55.07+11.32° 18.64+2.09° 24.5745.78°

40 3.9540.98° 54.8746.90" 18.1843.12° 23.0243.56"

60 10.58+2.34" 52.88+9.01° 16.19+2.38" 20.4842.38°

Data are presented as meantstandard deviation (n=3). p<0.05, significantly different compared with control. The different letters in each column

mean difference between groups.
G1, gap 1; S, synthesis; G2, gap 2; M, mitosis.

Anti-cancer effect of ginsenoside F, in xenograft
model in SD rats

For in vivo assessment of therapeutic efficacy, human
glioblastoma cells U373MG were implanted into right
striatum of SD rats. Implantation of U373MG developed
corresponding tumor, of which sizes were measured by
MRI scans 8 d after implantation of U373 cells. SD rats
were divided into groups, of which mean tumor size was
not statistically significant (Fig. 2B). Since day 8, tumor-
bearing rat were intravenously injected with F2, 5-FU as
a positive control or Lipision as a negative control every
other day. In control group at day 15, tumor was shown
to have excessive growth with respect to mass and den-
sity, which was accompanied by edema and necrosis
around tumor. At day 22, the rapid growth of tumor on
the implanted sites expelled the normal brain tissue and
occupied the space, which formed the difference of den-
sity and border. The injection of 5-FU made the density
of tumor lower than negative control at day 15, which
indicated the inhibition of tumor proliferation. However,
tumor mass and density at day 22 rapidly became more
than at day 15, indicating the resistance of glioblastoma
to chemotherapy. In respect to edema and expulsion of
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normal tissue, the extent was less than negative control.
At day 15, the intravenous injection of F2 made the for-
mation of tumor in the size and density less than negative
control. Similar to 5-FU, the size of tumor and density
was more at day 22 than at day 15.

Immunohistological analysis

Our immunohistological data (Fig. 3) showed that
F2 enhanced expression of caspase-3 and caspase-8
in tumor, which meant, like in vitro results, to induce
apoptotic activity. A protein, Ki67, existing in nucleus,
is expressed on the phases of cell cycle except GO and
G1, and hallmark of cell proliferative capacity [9]. The
present data showed the decreased expression of Ki67
in F2-treated groups compared to the control groups,
which indicated the retarded cell proliferation rates in
tumor region. The reduction in tumor cell proliferation
following the intravenous injection of F2 paralleled with
reduced reactivity for a marker of blood vessel density,
CD31. Additionally, immunohistology revealed that the
expression of MMP-9 in the border between normal
brain tissues and glioblastoma was reduced by F2. This
result indicated that F2 suppressed the signaling pathway
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Fig. 2. Human glioblastoma cells (U373MG) were implanted into the right forebrain (n=6/group). (A) Since day 8 after implantation, drugs are
intravenously injected every two days at dosages of 35 and 15 mg/kg weight of ginsenoside F, (F2) and 5-fluorouracil (FU), respectively. T1
weighted magnetic resonance imaging were carried out at 8, 15 and 22 days after implantation of U373MG cells. (B) Tumor sizes were dem-
onstrated as a pixel number by Image J and represented relatively to control. p<0.05, significantly different, compared with control by one-way
ANOVA followed by Turkey’s test. The different letters in each day mean difference between groups.
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Fig. 3. Immunohistochemistry in human glioblastoma (U373MG) xenograft intravenously treated with ginsenoside F, (F2, 35 mg/kg weight) (n=6/
group) against the markers related to severeness of glioblastoma: caspase-3 and -8 were used for apoptosis; Ki67, proliferation; CD31, blood
vessel density; matrix metalloproteinase (MMP)-9, invasion; CD133 and nestin, cancer stem cell. The percentage of positive cells was measured
in the form of an area percent inside a standard measuring frame of area 11434.9 um? per 10 fields using a x50 magnifications with image analy-
sis software. Representative area indicated by arrow was shown using x100 magnifications in inset. p<0.05, significantly different compared with
control by one-way ANOVA. The different letters in each marker mean difference between groups.

to induce the expression of MMP-9, which has been Collectively, these results demonstrated that intravenous
known to play key roles in malignant tumor invasion. injection of F2 evokes the mechanisms to kill glial tumor
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including the apoptosis, the inhibition of proliferation of
tumor cells, angiogenesis and invasion.

Tumor stem cells including glioma stem cells are be-
lieved to be a significant component of persistent and re-
current disease. Immunoreactivities against cancer stem
cell markers, CD133 and nestin were reduced by F2.
This implied that F2 could reduce tumor cell prolifera-
tion by killing both CD133" and CD133" cells.

DISCUSSION

This study assessed the chemotherapeutic potential of
F2 against GBM, which could be used alone or combina-
tion with other therapy such as radiation. Cytotoxicity of
F2 against glioblastoma cells U737MG was examined,
of which IC,, was 50 pg/mL 24 h after treatment. F2 in-
duced DNA condensation and fragmentation indicative
of apoptosis, which was also reflected by the increase in
the population of sub-G1 in the cell cycle.

F2 has two glycosides at C-3 and C-20 positions of
the aglycon. And ginsenoside Rd (dammar-24(25)-ene-
3B,12,20(S)-triol-(20-O-B-D-glucopyranosyl)-3-O-f3-
D-glucopyranosyl-(1—2)-B-D-glucopyranoside) has
another glucoside linked to glucose attached to C-3 in
F2. Rd is known to be lipophilic and easily diffuse across
biological membranes and blood brain barrier [10]. And
ginsenoside Rd exhibited remarkable neuroprotection in
middle cerebral artery occlusion in rats.

The intravenous injection of F2 suppressed the growth
of tumor formed by intracranial injection of U373MG
with respect to tumor mass, density, invasion, shifting,
edema and central necrosis in MRI images. It has been
known that the rapid cell proliferation may lead to central
necrosis in the focal lesion of GBM, and around which
is called hypercellular zone. In fact, the rate of tumor
cell proliferation compared to control was significantly
reduced, as judged by immunoreactivity for Ki67. This
effect might be mediated through apoptosis, which was
proven by increased immunoreactivities against cas-
pase-3 and -8. Ginsenoside-Rh, is the further metabolite
of F2, which was reported to induce apoptotic cell death
by activation of caspases in neuroblastoma cells [11].
In addition, Rh, suppressed tumor cell proliferation and
caused apoptosis in breast cancer xenograft through up-
regulation of proapoptosis gene such as Bax [6].

Another characteristic is that GBM forms abundant
tumor microvessels. This abnormally accumulates in-
terstitial fluid and cause edema. Our results showed
that there was very little edema in F2 treated group
compared to controls. Consistently, F2 might influence

Shin et al. Anti-Cancer Effect of Ginsenoside F, against Glioblastoma

the factors related to angiogenesis such as blood vessel
density shown by CD31 and MMP-9. MMP-9 expres-
sion levels have been reported to be significantly higher
in human glioblastoma tissue samples than in low-grade
brain tumors and normal brain tissue [12]. In addition,
MMP-9 upregulation plays a role in glioma invasion and
angiogenesis in vivo [13]. Therefore, the development of
various compounds that could inhibit or suppress MMP-
9 is required to treat brain tumors. In this view, F2 could
be one among candidates. In the previous report, the
memetabolites of F2, compound K [7] and Rh, [8], were
reported to have the anti-invasive activity by inhibition
of MMP-1 expression.

Our results showed that the population expressing can-
cer stem cell markers, CD133 and nestin, was reduced in
the F2 treated group. This observation was important in
the following aspects. Tumor stem cells, including glio-
ma stem cells, are believed to be a significant component
of persistent and recurrent disease. Although whether
tumor-initiating potential was limited to CD133" cells
are controversial [14], it has been shown as a cell-surface
marker in a sub-population of tumor cells from glioblas-
toma to initiate and sustain tumor growth after therapeu-
tic interventions in these diseases [15,16]. Furthermore,
CD133" progenitors may differentiate into endothelial
cells and favor vascularization and tumor growth [17].

In conclusion, we reported that F2 induced the glioma
cells including CD133" cells to commit apoptosis, and
inhibit angiogenesis, which may provide potential strate-
gies for treating brain tumors alone or combination with
other therapy such as radiation.
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